Paediatric cochlear implantation has become an established procedure for treating irreversible hearing loss. The aim of this survey was to review the peri-operative anaesthetic management of this programme since its inception.
INtrODUCtION
Since its original description in the 1970s 1, 2 , cochlear implantation in children has become a firmly established procedure for treating irreversible hearing loss [3] [4] [5] . Cochlear implantation significantly improves sound sensitivity and speech development in recipients compared to non-augmented children or children with acoustic hearing aids 6 . The criteria for patient selection have been broadened considerably since its inception to include subjects with a wider range of hearing impairments 7 .
Singapore's paediatric cochlear implantation programme started at SGH over 13 years ago. It has the distinction of being performed by a single ear, nose and throat surgeon in a hospital serving an overwhelmingly adult population. Given that the surgery for paediatric cochlear implantation is time consuming, specialised, and challenging, the anaesthesiologist needs to be aware of the many risks in dealing with this communication-impaired paediatric age group. The cost of the prosthesis itself also contributes to the high expectations of this procedure and care should be taken to provide the best possible outcome.
There are very few publications on reviews of anaesthetic management of such cases 8 . Hence, an audit of the peri-operative management of these children was needed, in particular, the anaesthetic issues that can arise with this procedure.
MAtErIALS AND MEtHODS
After obtaining approval from the local Institutional Review Board, we performed this retrospective clinical audit with a focus on the anaesthetic management of paediatric patients undergoing cochlear implantation surgery. We reviewed more than 300 clinical records of cochlear implants done from 1997 to 2010 at SGH. Patients older than 12 years of age were excluded from this study. Both unilateral and bilateral implantation cases were included.
Demographic data as well as the American society of anaesthesiologists (ASA) physical status classification grades, types of premedication, induction of anaesthesia, use of intra-operative analgesics, maintenance inhalational agents, and peri-operative complications were noted. Duration of surgery as well as requirements for analgesia in the peri-operative and immediate post-operative period were recorded.
We used SPSS version 17 to analyse the data.
Non-continuous variables were analysed using chi-square tests where statistical significance was taken as p<0.05.
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Demographics
A total of 184 procedures were performed on 173 children in this survey. There were 179 (97.3%) unilateral implantation cases with the remaining five (2.7%) being bilateral implantations in a single setting. Of the 173 patients, six had staged bilateral implantations; their non-augmented ear was subsequently implanted with a cochlear device; three had failure of the first implant requiring a second prosthesis whilst one had a combination of the above. The first bilateral cochlear implantation procedure took place in 2006.
Characteristics of the study population are presented in Table 1 . The mean age of implantation was 3.7 (±2.6, 0.7-11) years. The average weight at the time of surgery was 16.8 (±9.3) kg. The ASA physical status classification of the patients was as follows; 146 patients were ASA grade I, 27 were ASA grade II. Patients rated ASA grade III or higher were not involved in this study.
Pre-operative
The anaesthetic characteristics of the study population are presented in Table 2 . Premedications were administered in 10 (5.4%) cases, the most common being chloral hydrate and Vallergan® (trimeprazine tartrate). Topical EMLA was applied in 139 (75.5%) cases. Inhalational anaesthesia was by far the more popular choice for induction (66.3%) compared to intravenous (IV) agents (33.7%). The most commonly used maintenance inhalational agent was sevoflurane (56.0%), followed by isoflurane (37.5%), desflurane (5.4%), and halothane (1.1%). The only two cases where halothane was used were both recorded in 1997. Propofol proved to be the more popular IV agent when compared to thiopentone (56.5% versus 43.5%). Neuromuscular blockers were used in 176 (95.7%) cases.
Intra-operative
Induction was fairly uneventful with only one reported case of laryngospasm and one case of a difficult venous access. There were no documented intra-operative complications except for two cases of tachycardia (as defined by a heart rate ≥20% baseline). Anti-emetics were administered in 134 (72.8%) cases. Ondansetron was by far the most common anti-emetic agent used (94.8%) compared to metoclopramide alone (3.0%), ondansetron and metoclopramide in combination (1.5%), or ondansetron and dexamethasone in combination (0.7%).
The average doses of intra-operative analgesic agents administered are outlined in Table 3 . Intravenous morphine and fentanyl were the most common analgesic agents used. All patients received local anaesthetic infiltration prior to surgical incision. Average duration for both unilateral and bilateral cochlear implantation procedures were 3.2 (±1.0, 1.2-6.5) hours and 4.6 (±0.8, 4-6) hours respectively.
Post-operative
Prevalence of post-operative nausea and vomiting in our study population was 10.3% (19 out of 184 cases). Interestingly, there were no significant correlations between post-operative nausea and vomiting with gender, ethnicity, laterality of implantation procedure, type of induction method, use of intra-operative anti-emetics or opioids, and duration of surgery. Only age at the time of surgery was found to be significantly associated with a higher prevalence noted in older children (Pearson chi-square p<0.05).
The average duration spent in the post-anaesthetic care unit (PACU) was 1.0 (±0.4, 0.1-3.0) hours. All patients returned to the general ward post-surgery. There were no immediate complications requiring high dependency or intensive care admission.
A total of 15 patients (8.1%) required additional analgesia in the PACU. The breakdown of additional analgesic requirements in PACU and ward are shown in Table 2 . Fourteen (7.6%) patients required stronger post-operative analgesia as defined by the use of additional non-steroidal anti-inflammatory drugs or opioids. Twelve (6.5%) patients required paracetamol plus ibuprofen and one (0.5%) patient required paracetamol plus codeine phosphate. Interestingly, one patient received a combination of oral mefenamic acid and intramuscular pethidine. There were no significant correlations between the use of stronger analgesic agents with gender, ethnicity, laterality of implantation procedure, use of intra-operative opioids, or duration of surgery. Only increasing age proved to be significantly associated with the use of stronger analgesic agents (Pearson chi-square p<0.05). The average daily paracetamol requirement (mg/ kg) is shown in Table 4 and Figure 1 .
The average length of hospitalisation was 3.2 (±1.0, 1-6) days. The 14 cases in which hospitalisation stay was prolonged (≥ 5 days) were due to parental request. Figure 2 shows an overall increase in the number Figure 5 shows a recent trend towards admitting patients on the day of procedure itself in lieu of the previous practice of admitting patients a day before the planned surgery.
Trends with Time
DISCUSSION
Age
There is an increasing trend for cochlear implants to be inserted at earlier ages because the longterm outcomes are superior 10, 11 . Younger children are more difficult to anaesthetise and may require a more specialised setup 12 . Our audit covered a 13-years period from the start of the cochlear implant programme in Singapore. Hence our average age of 3.7 (±2.6, 0.8-11) years is higher than would be expected currently. However, Figure  3 has shown a trend towards operating on younger children over time. In an Indian tertiary setting, the mean age was 8 (2.5-14) years 8 .
Co-morbidities
While Chakrabarty et al's study found that 50% of their patients developed hearing loss secondary to the TORCH group of organisms 8 , only nine (5.2%) patients in our study had been similarly affected. Of these nine, one had cytomegalovirus and the rest had maternal rubella. All eight cases of congenital rubella were not native to Singapore, but were from neighbouring South-East Asian countries.
Induction of Anaesthesia
The use of premedication was infrequent (5.4%).
The main indication was if the child was felt to be anxious or hyperactive as subjectively assessed in the pre-operative clinic. EMLA premedication is part of the standard protocol but was used in only 75.5% of the cases.
Inhalational induction was the most commonly chosen method (66.3%) compared with intravenous (IV) induction. The difficulty of IV access and the distress caused from IV cannulation is the chief reason for this 13 . In Chakrabarty et al's study, IV induction was the primary method utilised 8 .
Sevoflurane was the most commonly chosen inhalational agent predominantly because of its less irritant nature 14 . Isoflurane was the next most commonly used inhalational agent. In Chakrabarty et al's study, halothane was the main inhalational anaesthetic agent used 8 . In this audit, the use of halothane was very limited (two patients).
Duration of Surgery, Recovery, and Hospital Stay
The average duration for a unilateral cochlear implantation operation in our survey was 3.2 (±1.0, 1.2-6.5) hours compared to 4.3 hours in the study by Chakrabarty et al and 4.08 hours in Majdani et al 8, 12 . Figure 4 shows a decrease in operating time for unilateral implantation procedures over time. The average duration for bilateral cochlear implantations was 4.6 (±08, 4-6) hours. This is shorter than the 6.3 hours from Majdani et al's study 15 . It is likely these times would also improve with greater surgeon experience.
The mean duration of hospital stay was 3.2 (±1.0, 1-6) days. The main cause for longer hospital stays in the earlier years was likely due to inexperience with such cases as we have no data to support other possible reasons.
When the programme started, the vast majority of children were admitted overnight prior to surgery. The trend has progressed to make most of the cases SDA. The percentage of SDA patients from 2006 to 2010 was 58.7% (37 SDA cases versus 26 inpatient cases). In comparison, there were no SDA cases from 1997 to 2000.
Nausea and Vomiting
Post-operative nausea and vomiting (PONV) occurred in 19 (10.3%) cases. In Chakrabarty et al's audit, 13.3% of the patients experienced PONV 8 .
Increasing age was the only variable that has a statistically significant association with PONV. This is consistent with the results noted by Gan et al in their review 16 . Gan et al reported that children younger than two years rarely experience nausea and vomiting, while children over three years were almost twice as likely to experience symptoms when compared to adults with the peak incidence occurring just before puberty 16 . The exact physiological cause for this higher incidence is unknown, but it is likely to be multi-factorial. Perhaps a combination of dehydration, pain, opioid use, anxiety, middle ear surgery, and the long duration of the procedure contributed to this 16, 17 .
Analgesia
Additional analgesia in the recovery room was uncommon, only accounting for 13 (7%) procedures. The choice of analgesia in recovery was predominantly influenced by the analgesia given intra-operatively.
Four (2.1%) patients did not require any analgesia while the vast majority of patients required some form of analgesia post-operatively. Like nausea and vomiting, the correlation between age and analgesic requirements was statistically significant. Difficulty arises in the assessment of pain because an observational scale (the Wong-Baker scale) has to be used for patients unable to verbally communicate 18 . Since older children have a greater ability to express pain more directly this could account for the increased requirements. It is also possible that a more cautious approach to analgesia use is employed for younger patients.
The peak post-operative paracetamol requirement occurred during the first post-operative day with an average daily requirement of 22.9 (±16.6) mg/kg for that day. This is consistent with Monitto et al's study of proxy-controlled analgesia use in children less than six years for post-operative pain 19 .
Complications
The incidence of complications was low, with one episode of laryngospasm, one case of difficult IV access, and two cases of tachycardia intraoperatively. In Chakrabarty et al's audit, two out of 15 patients experienced perilymph leakage, one experienced severe bleeding, and two patients required further operations: one for tissue flap necrosis and one to drain a haematoma 8 
Unilateral Versus Bilateral Implantations
The vast majority of procedures involved in this audit were unilateral cochlear implantations (179). Only five bilateral cochlear implantations were performed. The total number of patients with bilateral cochlear implantations, either inserted in a single operation or via staged procedures, was 11 (6.4% of the 173 patients). Patients receiving bilateral implantations gain advantages in directional sound perception and sound detection against background noise 6 . In terms of cost-effectiveness, unilateral cochlear implants are estimated to cost £20,000 GBP ($30,000 USD or $43,000 SGD) for each quality adjusted life year (QALY) while bilateral cochlear implants are estimated to cost in excess of £40,000 GBP ($60,000 USD or $86,000 SGD) for each QALY 6 . As such, the cost-effectiveness of the unilateral cochlear implant is clear, while the cost-effectiveness of the bilateral implant is debatable.
Limitations of this Study
This audit suffers from the same limitations as all retrospective studies 22 . It is almost entirely dependent on the accuracy and veracity of the archived medical records and any errors could subsequently alter the findings. Potential selection bias is also an issue that cannot be excluded. This study is also disadvantaged by the limited number of bilateral cochlear implantations.
CONCLUSION
Cochlear implantation in paediatric patients is a relatively safe procedure, involving few perioperative complications. This retrospective review has surfaced useful issues which will help towards completing the audit cycle.
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